We present the mass spectra of radial and orbital excited states of singly heavy bottom baryons; Σ
Introduction
The study of baryons containing heavy quarks (c, b) is rapidly growing due to the numerous number of data recently reported by various world wide experimental facilities like LHCb, CDF, DO, CMS, SELEX etc., [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11] . All ground states (with J P = − respectively. The excited states of other singly bottom baryons are expected to detect in near future.
Various phenomenological models have been used to study the baryons using different approaches. The theoretical predictions such as non-relativistic Isgur-Karl model [13] , relativized potential quark model [14] , relativistic quark model [15] , the Fadeev approach [16] , variational approach [17] , the chiral unitary model [18] , non relativistic quantum mechanics [19] , the extended local hidden gauge approach [20] , the relativistic flux tube (RFT) model [21] , the Hamiltonian model [22] , Regge phenomenology [23] , QCD sum rule [24, 25, 26, 27] , color hyperfine interaction [29, 30] , Goldstone Boson Exchange Model [31] , Soliton model [32] Quark-diquark model [33, 34] etc., have been used to study the properties of heavy baryons. There are also many Lattice QCD studies which have examined the internal structure and quark dynamics of hadrons [35, 36, 37] . However, there are limited efforts devoted to the study of radial and orbital excited states and decay properties of singly bottom baryons. Thus, presently, the theoretical studies of the excited states (L = 0) of singly bottom baryons have become a subject of renewed interest. In our previous studies, we have calculated the radial and orbital excited state masses, semi-electronics decays, magnetic moments, etc. for singly charm baryons [38, 39] . In this paper, we extend the study for the mass spectra of singly bottom baryons and other decay properties.
The singly heavy baryons with one heavy quark (c or b) and two light quarks(u,d and s) give a perfect tool for studying the dynamics of the light quarks in the presence of a heavy quark. The bottom baryons belong to two different SU(3) flavor representations: 3 ⊗ 3 = 6 s +3 A . The quark content and SU(3) multiplicity is mentioned in Table 1 . SU(3) symmetric sextet and anti-symmetric anti-triplets are regulated as below [40] .
The experimentally known masses of singly bottom baryons are listed in Table 2 . The Hypercentral Constituent quark model is employed for the present study which has already been successfully used for the study of baryons in light as well as heavy sector [38, 39, 41, 42, 43, 44, 45] . This paper is organized as follows: The hypercentral Constituent Quark Model (hCQM) applied for the study of singly bottom baryon mass spec- Baryon Quark Content SU(3) multiplicity (I,
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troscopy presented in section 2. The mass spectra of bottom baryons are analysed and the Regge trajectories for the same are presented in section 3. The semi electronic weak decays of Ξ b and Ω b baryons are computed and the details are presented in section 4. In section 5, we have drawn important conclusions and summarized our present study on singly bottom baryons.
Theoretical Framework: Hypercentral Constituent Quark Model (hCQM)
The hypercentral approach has been applied to solve bound states and scattering problems in many different fields of physics and chemistry. The basic idea of the hypercentral approach to three-body systems is very simple. The two relative coordinates ( ρ and λ) are rewritten into a single sixdimensional vector and the nonrelativistic Schrödinger equation in the sixdimensional space is solved. The potential expressed in terms of the hypercentral radial co-ordinate, takes care of the three body interaction effectively. Such an attempt has already been employed for the mass spectra of singly heavy charmed baryons (Λ and Ω 0 c ) and also for doubly heavy [38, 39, 45] . Details to this hypercentral constituent quark model employed for the present study of singly heavy bottom baryons is described below. The Jacobi coordinates to describe baryon as a bound state of three different constituent quarks are given by [46] .
The respective reduced masses are given by
Here, m 1 , m 2 , m 3 are the constituent quark masses. We consider m u = 0.338, m d =0.350, m s =0.500, m b =4.67 (all in GeV). The angle of the Hyperspherical coordinates are given by Ω ρ = (θ ρ , φ ρ ) and Ω λ = (θ λ , φ λ ). We define hyper radius x and hyper angle ξ by,
In the center of mass frame (R c.m. = 0), the kinetic energy operator can be written as
where m= 2mρm λ mρ+m λ is the reduced mass and
is the quadratic Casimir operator of the six-dimensional rotational group O(6) and its eigenfunctions are the hyperspherical harmonics,
Here, L = L ρ + L λ , l ρ and l λ are the angular momenta associated with the ρ and λ variables respectively and γ is the hyper angular momentum quantum number.
The confining three-body potential is chosen within a string-like picture, where the quarks are connected by gluonic strings and the potential increases linearly with a collective radius x as mentioned in [47, 48] . In the hypercentral approximation, the potential is expressed in terms of the hyper radius (x) as
In this case the potential V (x) not only contains two-body interactions but it contains three-body effects also. The three-body effects are desirable in the study of hadrons since the non-Abelian nature of QCD leads to gluon-gluon couplings which produce three-body forces. The model Hamiltonian for baryons in the hCQM is then expressed as
The exact solution of the QCD equations is very complex, so one has to rely upon conventional quark models. The assumptions in various conventional quark models are different, but they have a simple general structure in common including some basic features like confinement and asymptotic freedom and for the rest built up by means of suitable assumptions. More details on similarities and differences in various quark models can be found in Ref. [47, 49] . The main differences between Hamiltonian used in Hypercentral Constituent Quark Model (HCQM) adopted in this paper and conventional quark model given by Isgur and Karl [13] are as follow.
1. The confinement potential used in Isgur and Karl quark model is given by harmonic oscillator plus constant potential, while the confinement potential used in HCQM is given by linear plus hyper coulomb potential.
The mass of the light quarks (u and d) were same (m1=m2 =m3) in
Isgur and Karl quark model, while in this paper, we have used unequal quark masses (m1 =m2 =m3) in HCQM. 3. In Isgur and Karl quark model only hyperfine part is kept as a spin dependent potential, while here we have used spin-spin, spin-orbit as well as tensor terms as a spin dependent potential. The six-dimensional hyperradial Schrödinger equation corresponds to the above Hamiltonian reduces to
where φ γ (x) is the reduced hypercentral wave function. If we compare above equation with the usual three-dimensional radial Schrödinger equation, the resemblance between the angular momentum and the hyperangular momentum is given by l(l + 1) → 15 4 + γ(γ + 4). For the present study, we consider the hypercentral potential V (x) as the hyper Coulomb plus linear potential with first order correction [50, 51, 52] and spin-dependent interaction, which is given as
where, V 0 (x) is defined as
Here, the hyper-Coulomb strength τ = − 2 3
is the color factor for the baryon. β corresponds to the string tension of the confinement. We fix the model parameter β to get the experimental spin average mass of the each ground state bottom baryons. The parameter α s corresponds to the strong running coupling constant, which is written as
In above equation, the value of α s at µ 0 = 1 GeV is considered 0.6 as shown in Table 3 . The first order correction V (1) (x) can be written as The parameters C F = 2/3 and C A = 3 are the Casimir charges of the fundamental and adjoint representation.
The spin dependent part V SD (x) is given as
The spin dependent potential, V SD (x) contains three types of the interaction terms [53] , such as the spin-spin term V SS (x), the spin-orbit term V γS (x) and tensor term V T (x) described as [38, 39] . Here S = S ρ + S λ where S ρ and S λ are the spin vector associated with the ρ and λ variables respectively. The coefficient of these spin-dependent terms of above equation can be written in terms of the vector, V V (x)= τ x , and scalar, V S (x)=βx, parts of the static potential as
The baryon masses are determined by the sum of the model quark masses plus kinetic energy, potential energy and the spin dependent interaction as M B = i m i + H . We have numerically solved the six dimensional Schrodinger equation using Mathematica notebook [54] .
Singly Bottom Baryon Spectra and Regge Trajectory
The mass spectroscopy of single bottom baryons Λ have studied in the framework of Hypercentral Constituent Quark Model (hCQM). We have calculated the masses of these baryons for S, P, D and F states as presented in Table ( 4 -7) where the tabular entries below A are masses without first order correction while below B are masses with first order correction. We have followed the n (2S+1) L J usual notations for spectra of baryons except L (angular momentum quantum number) is replaced by γ (hyper-angular momentum quantum number) according to our model. We have considered all possible isospin splitting for the calculations of bottom baryons in all cases and the comparison of masses with other approaches are also tabulated. Λ 
where, C and C 0 are slope and intercept respectively and n is the principal quantum number. In trajectories, the S, P and D state masses are corresponds to J P = In weak decays, the heavy quark(c or b) acts as spectator and the strange quark inside heavy hadron decays in weak interaction [57, 58, 59] . These could be possible in semi-electronic, semi-muonic and non leptonic decays of the heavy baryons and mesons. In this section, we discuss, Semi-electronic decays of heavy bottom baryons Ω b and Ξ b using our spectral parameters. The strange quark in Ξ b and Ω b undergo weak transitions and the differential decay rates for exclusive semi-electronic decays are given by [57] , where P (w) contains the hadronic and leptonic tensor. After evaluating the integration over w=1 in the hadronic form factors, we calculate semielectronic decay as given below. For the final state with "Λ b " baryon,
For the final state with "Ξ b " baryon,
Where G F is the Fermi Coupling constant and the value of G F = 1.16×10
GeV −2 , V CKM is the Cabibbo-Kobayashi-Maskawa matrix and we have taken the value of V CKM = 0.225, ∆m = M − m, is the mass difference between the initial and final state of baryons. The superscript of Γ in Eqn. (19) , (20) and (21) Ref. [17] Ref. [29] Ref. [18] Ref. Ref. [17] Ref. [29] Ref. [18] Ref. [20] Mass ( and Ω 0 b ) are tabulated in Table 8 . The initial and final total angular momentum (J) and parity (P), total spin s l of the light degree of freedom and the mass difference △m = M -m for Baryons are listed in second, third and forth column of the table. We have also compared our results with Ref. [57] .
Conclusion
We have calculated the mass spectra of Λ [4] [5] . By observing these figures, we can conclude these points.
1. In the study of Λ b baryon, the states which are reasonably close with other predictions are 2S-3S(with [25] ), 2P (with [22, 15] ), 1D (with 
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Ref. [17] Ref. [18] Ref. [20] Ref. [29] Mass(GeV) Ref. [17] Ref. [21] Ref. [20] Mass ( dicted range. The regge trajectories are also very useful to obtain unknown quantum number and respective J P values of bottom baryons. Mass study will definitely help to understand the nearly available resonances belong to singly bottom baryons. The semi-electronic decays are also calculated for Ξ b and Ω b baryons. Where, the Ω − b → Ξ * 0 b e −ν decay rate is disagree with [57] . After successful implementation of this scheme to the singly heavy baryons (both charm and bottom) as well as doubly heavy baryons, we would like to calculate the decay rates of heavy baryons in near future. The decay properties are very important to understand the dynamics of baryons so our next attempt would be the study of various decay properties.
